The IWME (Integrated Wheels of Mechanics and Electrics) includes an In-Wheel PMSM (Permanent Magnet Synchronous Motor), a reduction device, a brake device, the lubricating and cooling system, and so on in the hub of the tyre. It's the key factor to improve the performance of EV (Eletric Vehicle) and HEV (Hybird Electric Vehicle). In this paper, The IWME will be applied to a special type vehicle and mid-heavy vehicle; its integrated composition is complex. The authors have advanced the simulation analysis method of the motorized wheel based on PMSM. By the method, the main dynamic system parameters of the IWME are analyzed and simulated forward and backward with the Matlab/Simulink models of the IWME and the vehicle, in order to adapt the vehicle and to test its dynamic response. With the FEA (Finite Element Analysis), the optimization design of the IWME has been achieved. The shell structures and supporters of major components and parts have been strengthened. By evaluating the final optimization results, integrated design level has been improved according to the design method in the paper. Copyright Form of EVS25.
Introduction
The IWME (Integrated Wheels of Mechanics and Electrics) includes an In-Wheel PMSM (Permanent Magnet Synchronous Motor), a reduction device, and a brake device, the lubricating and cooling system, and so on in the hub of the tyre. It's the key factor to improve the performance of EV (Eletric Vehicle) and HEV (Hybird Electric Vehicle). Now, the more and more Motorized Wheels have been applied to the bicycle, micro car or mobile machinery shop, but the IWME applied to the special vehicle and mid-heavy vehicle is needed different dynamics performance and more rigorous structure. By working with the IWME, the advantage of the latter type EV and HEV will emerge [1, 2] . Based on the system engineer theory [3] , the IWME can be divided into five systems: drive system (PMSM in hub), tyre system, brake device, reduction device, auxiliaries system, the each of five systems can be divided into several subsystems too (shown as picture1). The relations among these several subsystems is very complex, the working conditions of these subsystem are harsh too. So in the designing process, the authors have advanced the simulation analysis method and the FEA, with the system engineer theory. Because of the driving type, the IWME can be divided into decelerate drive and direct drive [4] . According to those characteristics, the structure of IWME belongs to the decelerate drive mode with a gear case [5] . So the advantage of PMSM can be used in drive adjust. The PMSM can run in high speed, and the wheel can output high torque with the reduction device. Therefore， the IWME applies to the special vehicle and mid-heavy vehicle, but the integrated-wheel structure is very complex.
EVS25 World Battery, Hybrid and Fuel Cell Electric Vehicle Symposium Hereinto: T m -wheel overall torque, n-wheel speed, T e -single PMSM torque, n e -PMSM speed, k-drive wheel number These are two important vehicle performances, the vehicle velocity and the max gradient; theirs calculate method is same as the traditional vehicle [4] . The vehicle velocity： 
Wheel dynamics
We can find the wheel torque function from vehicle dynamics principle [4] :
The PMSM performances are main factor to the IWME; we can gain the PMSM torque from the electro mechanics principle [5] 
Brake performance of the IWME
The IWME have the energy feedback brake characteristic, so the optimization match with the machine brake is key factor. Based on the vehicle brake need, the IWME must provide the max brake torque and the ramp-way-stay-brake torque as the following: The max brake torque: 
Hereinto: Z max -wheel max load, f max -the max rolling friction coefficient, α-vehicle slope angle The optimization match between feedback brake and machine brake power show as picture 2. Shown as picture 3, we can find the assign process. The PMSM feedback brake torque can be simulated with the motor torque function (shown as function 7). So we can model the brake device for simulation about the match between feedback brake and machine brake.
Picture 2 the brake power match Picture 3 the brake power assign process In addition, the three-dimensional structure [8] modeled by adopting the Pro/ENGINEER and Pro/Mechanical software was simulated with the ANSYS engineering analysis software. Contrasting the simulated results of several projects; we were able to optimize the structure design of the IWME [9, 10] . Shown as picture 8, there is the three-dimensional structure modeled in hub by adopting the Pro/ENGINEER and Pro/Mechanical software. With the FEA, we gained the simulation result with the vehicle load. Shown as picture 8, there is the max equivalent stress site. Shown as picture 9, we had gained the wheel total structure displacement. Optimizing design to the complex system, there are many contradictions among those subsystems designing. However, they have the same evaluation valve, we could evaluate these optimize results with weighted method in the general. Based on the system engineer theory, the evaluation value V i is as following:
The simulation of the IWME
Hereinto: V i -overall evaluation value, a j -weighted coefficient, V ij -subsystem evaluation value, i-project number, j-subsystem number. Contrasting with the overall evaluation value of there cases, we choose the project A2 as the final optimization design. There are the max stress value and evaluation value of the main subsystems with the same vehicle load shown as table 2. 
Conclusions
In this paper, by way of dynamic response simulating and match simulating between the IWME and vehicle, we optimized the performance parameter of the IWME from forward and backward. The aim of advancing the vehicle performance was realized, because of using the advantages of the PMSM.
In structure designing aspect, the complex three-dimension structure was analyzed and simulated by running the ANSYS engineering analyses software. After synthetic evaluating these design cases, the optimizing design aim of the IWME was realized.
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At last, the product of IWME had fully proved the optimizing design is right. The pictures of the product are show as following (picture11, 12).
Picture 11 the product of hub Picture 12 the product of motor's rotor
